Abstract. Converter gas must be purified by the wet electrostatic precipitator for the combined cycle power plant because of its high dust concentration. However, most of the electrostatic precipitator is placed after the gas tank in order to operate safely. This will result in larger amounts of dust entering into the gas tank or the atmosphere. It causes the gas tank's seal damaged and air pollution. Based on the above reasons, the authors put forward a new process which places the wet electrostatic precipitator before the gas tank for purifying the converter gas, and analyzed the feasibility of this process. The research on corona discharge of converter gas in electrostatic precipitator, V-I characteristics affected by the water pressure and collection efficiency of the dust particles was carried out at an experimental system. The results show that corona discharge performance of converter gas was good and the V-I characteristic curve gradually moves down when the gas pressure increases. Spraying water can promote the collection efficiency of the dust particles. When the water pressure is 0.3MPa, the collection efficiency is 97.4%. The optimal water pressure in wet electrostatic is 0.3~0.5 MPa. From the results and analysis, it is feasible to purify converter gas by using the wet ESP which is placed before the gas tank.
Introduction
Converter gas is one of the fuel gases which are recycled from steel making. It has the characteristics of high temperature, toxicity, flammability and explosiveness and high dust content [1] . It is important to purify the converter gas for environment protection and energy conservation [2] . However, neither OG method nor LT method is applied to recycle the converter gas, the dust content of which is less than 10 mg/m3. The converter gas must be purified to decrease the dust content below 1 mg/m 3 by a wet electrostatic precipitation(ESP) when it is be used for power generation [3] [4] [5] . Most of the wet ESP is placed after the gas tank in order to operate safely. This will result in larger amounts of dust entering into the gas tank or the air. It causes the gas tank's seal damaged and air pollution. If the wet ESP is placed before the gas tank for purifying the converter gas, all the dust will be collected by the ESP lest it damage the gas tank's seal or cause air pollution [6] [7] [8] .
It is difficult to precipitate the fine dust particles because the converter gas is explosive and has high pressure. All this will affect collection efficiency of the ESP. So it is necessary to solve the problem which the explosive gas can be charged and the fine dust particles can be collected effectively in wet ESP [9, 10] .
Based on the experimental platform of gas discharge and wet ESP, the discharge characteristics of converter gas, V-I characteristics affected by the water pressure and dust removal mechanism of the wet ESP are presented in the paper. Fig.1 shows the new process to purify the converter gas by using wet ESP. It is mainly made up a section of water cooling duct, a two-level venturi tube, dehydrator, wet ESP, fan, three-way valve, and emission chimney. The wet electric ESP is placed between the venturi tube and the emission chimney. After the venturi tube, the larger diameter dust particles in the gas have been collected effectively, the fine dust particles is mainly collected by the wet ESP. Compared with the dry ESP, The process has many technical characteristics, such as: a cylindrical structure is used to make the gas flow in the ESP like a piston shape, the flow field distribution is more uniform, a quick nitrogen charging system which can replace the gas quickly and can ensure the safety is provided. Collection efficiency of the wet ESP is not affected by dust ratio resistance. It can avoid the occurrence of back corona and secondary blowing dust. Therefore, the wet ESP is feasible to purify the converter gas [11, 12] . 
Feasibility Analysis of the New Process by Using Wet ESP

Experimental Equipment
The converter gas is mainly made up of CO and CO 2 . CO is a kind of toxic gas, and it is difficult to cause it circulation flow in a confined space, therefore, the electrostatic precipitator for gas discharge is only working at static state. The corona discharge characteristics of the converter gas are measured by a high voltmeter and micro-ammeter. Gas discharge device is shown in Fig. 2 . Fig.3 shows the experimental equipment for measuring collection efficiency of converter gas at different condition. The experimental device is mainly made up as follows: feeder(1), high voltage power supply system(3), spraying system(4), polar matching system(7),induced draft fan (8) ,water tank(9), pump(11) and other units. 
Results and Analysis
Gas Discharge Test
Gas corona discharge phenomena is caused from the high direct-current voltage between a negative electrode and a positive electrode. It directly affects the performance of electrostatic precipitator. The gas ingredient has great effects on corona discharge. The experimental parameters of converter gas are shown in Table 1 . As can be seen from Fig.4 , performance of the converter gas is very good. The variation trend of V-I characteristic curve is basically coincident at different gas pressure, and the secondary current increases with the voltage. The V-I characteristic curve gradually moves down with the pressure increasing. When the pressure is 4 kPa, corona onset voltage is the lowest and spark voltage is the highest. The secondary current is the biggest and the discharge effect is the best. On the one hand, the collisions times between electron and atomic increase with the gas density. It will be propitious to gas discharge and cause the current to rise. On the other hand, mean free path of the gas decrease with the pressure. It will cause the energy from the electric field to decrease and ionization probability decrease too. 
Volt-Ampere Characteristics Affected by the Water Spraying Pressure
The V-I characteristic test was carried out at the condition that gas medium is the atmosphere, the ambient temperature is 22~24℃, the electric field wind speed is 1 m/s, and the atmosphere pressure is 101 kPa. Fig.5 shows the results which the V-I characteristic curve affected by the water spraying pressure when the cathode wire applied in ESP is fish spicules barbed wire. As can be seen from Fig.5 , the secondary current increase with the water spraying pressure when the ESP works at the same operation voltage. The water pressure has an optimal value that is 0.3~0.5MPa.the reason is that the nozzle atomizing effect turns good while the water pressure rises. On the one hand, the numbers of droplets increase, it will lead to the reduction of corona onset voltage. The increase of the discharge current increases with the ionization intensity, it will produce more space charge. On the other hand, the droplets' mean diameter decrease with the pressure, it will decrease the charge-to-mass ratio. Therefore, the amount of charge in the ESP gradually increases, the V-I characteristic curve will move upward. When the spraying pressure is more than 0.4 MPa, the secondary current hardly increases. It means that the corona discharge is not easy to occur. The reason is that the water mist particle concentration increases with the pressure, but the diameter of droplets doesn't decrease any more. The repulsive force will increase. It will baffle the charge of droplets at last. Fig.6 , the corona onset voltage decreases firstly and then increases with the water spraying pressure. The corona onset voltage is the lowest when the water spraying pressure is 0.35 MPa. The reason is that corona discharge is caused by the electrostatic field emission. The free electron in the metal electrode must get enough energy in order to overcome its ionization energy. The electric field is divided into two parts named "metal-water" and "water-air" when the electrode is covered with water film in wet ESP. The voltage barrier at the interface among the "metal-water" and "water-air" are lower than the interface between "metal-air". So the electron emission is easy in the wet ESP. The corona discharges can even occur at a very low voltage because there is continuous water film formed on the electrode when the water spraying pressure is big enough. However, when the water spraying is more than 0.35MPa, the corona voltage goes up because the water film on the electrode is too thick for the electron to move away the metal surface. Fig.7 , the spark discharge voltage decrease with the spraying pressure slowly. With the increase of water pressure, water consumption increases and the number of droplets increases too. Collision frequency among the free electron, ion and water mist also increase gradually, the total average number of collisions increases, so the probability of gas ionization becomes larger. This will cause the spark discharge voltage dropped. Collection Efficiency Affected by the Water Spraying PressureAs can be seen from table 2, the dust removal experiments are carried out by changing the spraying water from 0 to 0.4 MPa. Dust removal efficiency of the wet ESP is shown in Fig.8 while dust content in the gas was measured with a constant speed sampling. The dust removal efficiency of the electrostatic precipitator is only 87% when the nozzle doesn't spray any water. But it increases quickly after the spraying water added. The maximal efficiency will be 97.4% when the water pressure is 0.3MPa. It is more than 10% than there isn't any spraying water. This is due to the electric field is filled with a uniform water mist in the wet ESP, the corona discharge enhances when the flue gas is humidified. The charged water mist is conducive to the dust collection. And the anode plate is washed by the circulating water, plate, so there is no dust accumulation phenomenon. The dust removal efficiency is not affected by the high dust ratio resistance. It is higher than the dry type ESP because it can avoid the occurrence of back corona and secondary dust.
Corona Onset Voltage Affected by the Water Spraying PressureAs can be seen from
Spark Discharge Voltage Affected by the Water Spraying PressureAs can be seen from
When the water pressure reaches to 0.3MPa, the mist becomes uniform and fine, it will strengthen the dust's chargeability and the dust removal effect will be improved greatly. But when the spray pressure is too large, the water mist spraying velocity is high, the water will flush the plate directly and splash away the water film. The efficiency reduces because of the spatter's disturbance. For a good wet electrostatic precipitator, it must have two conditions: less water consumption and higher efficiency. So the optimal water pressure in wet electrostatic is 0.3~0.5 MPa.
Conclusions
Through the experiment on the discharge of the converter gas and the performance of wet ESP affect by the water spray pressure, Conclusions are drawn as follows: the discharge performance of the converter gas is good. The V-I characteristic curve gradually moves down when the gas pressure increases. When the pressure is 4kPa, the discharge inception voltage is the lowest the spark discharge voltage is the highest. Meanwhile, the secondary current is the biggest under the same voltage. From the experimental analysis, the influence of water spraying pressure on the V-I characteristics curve of wet electrostatic precipitator was obtained. When the secondary voltage value is constant, with the increase of water pressure, the corona current increases first, then decreases. The spark discharge voltage decreases, but its decreasing slope is little. The optimal water pressure in wet electrostatic is 0.3~0.5 MPa. The dust collection efficiency increase with the of water spraying pressure. When the water pressure is 0.3MPa, the collection efficiency is 97.4%. It is more than 10% than there isn't any spraying water. All in all, it is feasible to purify converter gas by using the wet ESP which is placed before the gas tank.
